Introduction
Chronic hyposphosphataemia is either attributed to decreased phosphate intestinal absorption or increased renal phosphate loss 1 . The most common type of the latter is attributed to increased serum concentrations of fibroblastgrowth factor 23 (FGF-23), an osteocyte/osteoblast-derived phosphatonin, which plays a central role in phosphate and calcium metabolism 1 . X-linked hypophosphataemia (XLH) is the main representative of FGF-23-associated rickets, usually caused by inactivating mutations of the phosphate-regulating endopeptidase homolog, X-linked (PHEX) gene, leading to inappropriately high FGF-23 levels 1 . In general, XLH is a rare disease with an estimated incidence of 1 in 20,000 births 2 .
Treatment usually includes daily administration of phosphate salts and active vitamin D analogues (such as alphacalcidol and calcitriol) in various doses 1 . Notably, secondary (SHP) and, more rarely, tertiary hyperparathyroidism (THP) may develop during the course of the disease, further complicating its management 3, 4 . Herein, we report a rare case of hypercalcaemia due to THP, associated with hypophosphataemic rickets, successfully managed with cinacalcet and subtotal parathyroidectomy.
Case presentation
A 31-year old woman presented to our department due to hypercalcaemia and hypophosphataemia. At presentation, she was being treated with oral alphacalcidol (0.5 μg/ day) and phosphate salts (5 g/day, divided in five doses). Extremely high daily doses of alphacalcidol (up to 5 μg/day) were reported by the patient during adulthood, probably in an effort to manage secondary hyperparathyroidism. However, based on medical records from the paediatric nephrology department, the patient was treated with up to 1 μg of alphacalcidol during childhood. Her paediatric history included severe gait disturbances, clubfoot, bilateral osteotomies of the tibia performed at the age of 7 yrs and 14
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Further investigation included assessment of bone mineral density by dual-energy X-ray absorptiometry (DXA) which was normal, whereas renal ultrasonography showed bilateral nephrocalcinosis ( Figure 1A) . On neck ultrasound, enlargement of the right (inferior and superior) and left superior parathyroid glands was observed. A Tc 99m sestamibi scan was indicative of a hyperfunctioning right inferior parathyroid gland.
Initial management included addition of cinacalcet (30 mg bid), followed by a gradual increase in alphacalcidol dose (1.5 μg/day) leading to almost complete normalization of calcium levels and substantial decrease in PTH levels. Two months later, the patient underwent an uneventful parathyroidectomy, including removal of three enlarged parathyroid glands ( Figure 1B) . Histological diagnosis was consistent of multiple parathyroid adenomas. Post-operative PTH and calcium concentrations were within normal range, alkaline phosphatase activity progressively decreased and so far remain normal, after a follow-up of 18 months.
Discussion
Chronic hypophosphataemia results in severe defects in bone matrix mineralization, leading to skeletal deformities from birth, osteomalacia, muscle pain and fractures in later life 1 . Treatment usually includes daily administration of oral phosphate salts and active vitamin D analogues in various doses 1 . Except for impaired growth, other longterm complications of hypophosphataemic rickets, mainly associated with its treatment include nephrocalcinosis and renal failure 1 . Hyperparathyroidism, either secondary and, more rarely, tertiary, may also develop during the course of the disease, further compromising calcium and phosphate homeostasis [3] [4] [5] . The proposed pathogenetic mechanisms include the postprandial reduction in serum calcium concentrations after phosphate ingestion, the decreased 1,25(OH) 2 D production (attributed both to FGF-23 and phosphate), a direct stimulatory effect of the latter on the parathyroid cells or loss of PHEX function in the parathyroid gland 3 . High 1,25(OH) 2 D doses may also increase FGF-23 concentrations, creating a vicious cycle 6 . XLH seems to be the most possible diagnosis of our case, judging by the patient's long history of stable hypophosphataemia, typical of XLH, which by far is the most common cause of hypophosphatemic rickets at this age, the absence of myopathy (generally observed in acquired forms of hypophosphataemia, such as tumor-induced osteomalacia, which is extremely rare at this age) and the low TMP/ GFR. Although we cannot exclude the rare recessive forms [Autosomal Recessive Hypophosphatemic Rickets (ARHR) 1 & 2] , Autosomal Dominant Hypophosphatemic Rickets (ADHR) seems less likely, due to the early and severe phenotype in our case and the stable hyposphosphataemia during the course of the disease as compared with the fluctuating phosphate levels observed in several cases of ADHR 1, 7 . In general, XLH is a rare disease with an estimated incidence of 1 in 20,000 births 2 . It is mostly attributed to inactivating mutations of the PHEX gene, leading to inappropriately high FGF-23 levels 1 . FGF-23 is the main phosphate regulating hormone, also called phosphatonin, secreted by osteocytes and osteoblasts. The main mechanism of FGF-23 induced hypophosphataemia is the inhibition of the sodium-phosphate symporter 2a and 2c at the proximal renal tubule and suppression of 1,25(OH) 2 D production at the renal tubule by reduced expression of the enzyme 1a-hydroxylase 1 . Unfortunately, we could neither measure FGF-23 concentrations nor to perform a genetic testing for PHEX mutations.
THP may further aggravate nephrocalcinosis, worsen renal function and complicate bone disease in patients with XLH and, therefore, should be early recognized and successfully treated. Due to the rarity of the disease, the exact incidence of THP in XLH cannot be estimated, but it seems to increase with increasing phosphate doses 3 . Surgical removal of the abnormal parathyroid tissue, during a neck exploration, is the treatment of choice and should be performed by a highvolume surgeon, in order to restore PTH and calcium levels without shifting to the other side, since hypoparathyroidism may also exacerbate renal disease in these patients 1, 3 . Diffuse chief-cell hyperplasia is the most possible histological diagnosis 1, 3 . Another benefit of successful parathyroidectomy, is that restoration of PTH mitigates the FGF-23 phosphaturic effect 6 . Achievement of adequate vitamin D status prior to surgery should also be taken into account, since it seems to reduce the risk of hungry bone syndrome 1, [3] [4] [5] . There are some reports for a beneficial role cinacalcet prior to parathyroidectomy in XLH cases, as in our case [3] [4] [5] . Cinacalcet is a calcimimetic compound which binds to the calcium-sensing receptor in parathyroid cells and enhances its sensitivity to circulating calcium concentrations, thus, decreasing, PTH secretion. It has been approved for cases under hemodialysis and secondary hyperparathyroidism, parathyroid carcinoma or primary hyperparathyroidism (PHP) not subjective to surgery [8] [9] [10] [11] . In PHP, normocalcemia is achieved in 70-100% of asymptomatic patients and in 28-68% of cases with more severe disease, whereas PTH levels modestly decrease 11 . Almost half of patients with SHP may achieve PTH concentrations <250 pg/ml with cinacalcet 8 . The drug is also effective in patients with recurrent or persistent hyperparathyroidism after parathyroidectomy (in 20% of cases) 12 . Cinacalcet has been also shown to normalize calcium and to reduce PTH concentrations in cases with XLH 1, [3] [4] [5] . In the latter situation, it can also ameliorate hypophosphataemia, by inhibiting PTH-mediated phosphaturia 1, [3] [4] [5] . In our case, normalization of calcium levels by cinacalcet, gave as the "therapeutic window" to triple the dose of alphacalcidol, thus reducing PTH levels, probably improving mineralization and reducing the risk of severe "hungry bone syndrome". Thus, concomitant use of cinacalcet and alphacalcidol, a form of "block and replace regimen" seems to be an effective therapeutic option in these cases.
Regular assessment of calcium and phosphate homeostasis, even every 3 months, with fine tuning of active vitamin D and phosphate salt treatment, is of outmost importance in order to prevent long term complications. It is possible that new compounds, such as burosumab, a humanized monoclonal antibody against FGF-23, with proven efficacy on mineral homeostasis and quality of life in adults and children with XLH 13, 14 , might also result in prevention of secondary and tertiary hyperparathyroidism.
Conclusions
THP, although very rare, should be always taken into consideration, as an adverse consequence, when treating patients with hypophosphataemia. Uneventful parathyroidectomy by an experienced surgeon is recommended in most cases in order to avoid aggravation of renal and bone disease. Cinacalcet seems a reasonable option either pre-operatively or in patients who have contraindications to surgery. Nonetheless, optimal dosage of alphacalcidol and phosphate salts, that minimizes treatmentrelated adverse effects, and regular assessment of calcium and phosphate metabolism, is the mainstay of treatment in patients with hypophosphataemic rickets.
